Background: Similarities and differences on the nine-item and seven-item versions of painDETECT, a patient-reported screener to identify neuropathic pain (NeP), have not been psychometrically explored across NeP conditions. Methods: Scores on the nine-item painDETECT (seven pain symptom items, one pain course pattern item, one pain radiation item) range from -1 to 38; scores $19 indicate NeP is likely (.90% probability). The seven-item version (only pain symptoms) score range is 0 to 35. painDETECT was administered to subjects with confirmed diagnoses of human immunodeficiency virus-related peripheral NeP (HIVP) (n=103), spinal cord injury-related NeP (SCI) (n=103), small fiber neuropathy (n=100), painful diabetic peripheral neuropathy (n=112), posttrauma/ postsurgical NeP (n=100), and NeP in chronic low back pain (n=106) identified during office visits to US community-based physicians. Analysis of covariance compared mean scores (adjusted for age, sex, race, ethnicity, time since NeP diagnosis, and number of comorbidities) on the nine-item and seven-item versions of painDETECT. Cronbach's alpha assessed internal consistency reliability, and corrected item-to-total correlations assessed item-level discrimination. Results: The adjusted mean nine-item scores ranged from 21.0 (SCI) to 24.3 (small fiber neuropathy). Differences between conditions were either trivial or small-to-medium in magnitude. Cronbach's alpha gave overall internal consistency reliability of 0.76, with a range of 0.63 (SCI) to 0.82 (HIVP). Mean scores and Cronbach's alphas for the seven-item version were generally similar to the nine-item version. Corrected item-to-total correlations adequately discriminated all pain symptom items on both painDETECT versions for each condition (0.3-0.7), but the two nonsensory items on the nine-item version showed lackluster discrimination (,0.3). Conclusion: painDETECT scores were within the range indicating high probability of NeP. Differences between conditions were generally modest or not large. Both versions showed evidence of internal consistency reliability and item-level discrimination, suggesting that pain-DETECT is a useful screening measure for identifying NeP across NeP conditions.
Introduction
Chronic pain continues to be one of the most clinically and economically important medical conditions. 1,2 A key component of chronic pain management is the identification of the presence of neuropathic pain (NeP), since treatment of NeP is often more challenging and relies primarily on use of appropriate pharmacologic therapies that are different from those in the treatment of nociceptive pain. 3, 4 The overall prevalence of NeP in the general population is not known, although a recent review suggested a best estimate of approximately 7%-10%. 5 This uncertainty surrounding NeP prevalence
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results primarily from what has been an absence of an instrument that can adequately screen and estimate the presence of NeP across a range of conditions in the population. Thus, epidemiologic studies have primarily focused on individual NeP conditions, and there remains a need for demonstrating that NeP screening measures broadly identify NeP regardless of the condition. NeP, which can be of peripheral origin or central origin, is caused by a lesion or disease of the peripheral or central somatosensory nervous systems, respectively, and can result from a variety of diseases and medical conditions. 6 Differences in the symptoms and pain descriptors of NeP relative to nociceptive pain have been used to develop measures to increase the likelihood of differentiating patients with these pain types. Such measures would be especially useful for screening if they demonstrate both sensitivity and specificity for identifying NeP across a range of NeP conditions among a population of patients with chronic pain.
One such measure is painDETECT, 7 a patient-reported questionnaire. painDETECT is considered a useful tool for screening patients for the presence of a NeP component, 8, 9 and its psychometric validity and ability as a screening instrument for epidemiologic studies were evaluated in patients with chronic low back pain-associated NeP (CLBP). 7 Its use in other specific NeP conditions has been suggested by translation adaptation studies in populations of patients with mixed NeP conditions 10, 11 and by a study that used painDE-TECT to characterize NeP in painful diabetic neuropathy and postherpetic neuralgia. 12 While painDETECT was initially developed as a nineitem questionnaire, which demonstrated strong predictive ability for NeP, principal component analysis identified the seven sensory items as driving the data structure of the questionnaire. 7 Therefore, a seven-item version of painDETECT is also available that only includes the sensory symptom items. However, since pain sensory symptom profiles may vary across and even within NeP conditions, [12] [13] [14] [15] it is necessary to confirm that the psychometric properties of both versions of painDETECT are consistent regardless of the underlying cause of NeP.
A recent study on the humanistic burden and economic burden of NeP across six NeP conditions included pain-DETECT as part of the outcomes measures captured. 16, 17 Data from this study were used to demonstrate the ability of painDETECT to discriminate among average pain severity levels of mild, moderate, and severe pain. 18 The same study also affords the opportunity to evaluate measurement properties of painDETECT across the six conditions overall and individually. Therefore, the objective of the present analysis was to garner evidence on similarities and differences between the nine-item and seven-item versions of the painDETECT measure for six different NeP conditions by psychometrically assessing the scoring, internal consistency reliability, and item-level discrimination of painDETECT for identifying NeP components. Doing so also may potentially enable its use in epidemiologic studies of NeP in general populations.
Methods
Data source and population
The data source for this analysis was a cross-sectional, observational study on the burden of six NeP conditions that included painful diabetic peripheral neuropathy (pDPN), human immunodeficiency virus-related peripheral NeP (HIVP), posttrauma/postsurgical NeP (PTPS), spinal cord injury-related NeP (SCI), CLBP, and small fiber neuropathy (SFN). The study was approved by a central institutional review board (Concordia Clinical Research, Cedar Knolls, NJ, USA); all data collection and analysis were compliant with the Health Insurance Portability and Accountability Act.
For inclusion in the study, adult subjects ($18 years old) with a confirmed diagnosis of any of the six NeP conditions were identified during routine office visits at 33 communitybased physician practices across the United States between September 2011 and June 2012. Case definitions used to identify the individual NeP conditions have previously been described, 16 and reflect the wider population of each condition. The diagnoses were confirmed by the participating physicians, including general practitioners (n=9), neurologists (n=7), pain specialists (n=6), endocrinologists (n=3), and other specialists (eg, orthopedist, infectious disease specialist, podiatrist, rheumatologist; n=8). In order to examine real-world clinical practice, participating physicians were determined based on a feasibility assessment prior to study initiation, and were limited to those physicians who stated they were comfortable confirming an NeP diagnosis. 16 Subjects were required to have been managed at the practice for at least 6 months prior to enrollment, and to have had the diagnosis for at least 6 months with NeP symptoms experienced for at least 3 months. Patients were excluded if they participated in an investigational drug study in the past 6 months; presented with a serious or unstable medical or psychological condition that, in the opinion of the physician, would compromise study participation; or had a concomitant illness unrelated to NeP that could have confounded NeP 
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painDeTecT in neuropathic pain assessment. Since physician diagnosis of NeP was used as the gold standard to identify the patients for inclusion, pain-DETECT was not administered as a screening instrument.
Outcomes and analyses
At the time of the office visit, subjects agreeing to participate completed a series of self-administered, one-time questionnaires primarily designed to elicit information on the patient-reported burden, and which included self-reported measures of pain, function, quality of life, and productivity; results describing the disease burden have previously been reported. 16, 17, [19] [20] [21] [22] [23] [24] painDETECT was also included in the battery of questionnaires to characterize the NeP in these subjects.
The original painDETECT consists of nine items: seven sensory symptom items for pain that are graded from 0 (= never) to 5 (= strongly), one temporal item on pain course pattern graded -1 to +1, and one spatial item on pain radiation graded 0 (for no radiation) or +2 (for radiating pain). The total score of the nine-item version ranges from -1 to 38, where scores $19 indicate NeP is likely with a .90% probability, and scores #12 indicate NeP is unlikely (ie, nociceptive pain); scores 13-18 are unclear, but an NeP component may be present. 7 The seven-item version of painDETECT includes only the sensory symptom items, with a total score that ranges from 0 to 35. Both the nine-item version and seven-item version of painDETECT were used in the current analysis.
Differences in demographic and clinical characteristics across the conditions were evaluated using analysis of variance for continuous variables and chi-square for categorical variables. Analysis of covariance models were used to compare the results of mean scores (adjusted for age, sex, race, ethnicity, time since NeP diagnosis, and number of comorbidities) on each version of painDETECT to determine whether the six conditions differed with respect to the magnitude of NeP and, if so, to what extent.
In addition to statistical comparison of the difference in mean adjusted scores between pairs of conditions (a P-value ,0.05, with Tukey's adjustment for multiple comparisons, was considered statistically significant), corresponding standardized effect sizes 25, 26 were derived for pairwise comparisons of all conditions. A standardized effect size is measured in standard deviation units that reflect the magnitude of the difference in means between two groups. All standardized effect sizes were estimated by taking the difference between the adjusted means of painDETECT scores from two of the six NeP groups and dividing them by the pooled standard deviation of the scores across the six groups. A standardized effect size of 0.20 standard deviation units is considered "small", while 0.50 and 0.80 are "medium" and "large", respectively. 25, 26 Scale-level reliability was evaluated for each NeP condition using Cronbach's coefficient alpha (covariance-based formula) 26 to determine the internal consistency reliability of the nine-and seven-item versions of painDETECT. Cronbach's alpha coefficients of at least 0.70 are generally regarded as acceptable for a psychometric scale, with values between 0.81 and 0.90, inclusive, considered good, and .0.90 considered excellent. 26 In addition, P-values were estimated for pairwise comparison of the statistical significance of Cronbach's alpha between conditions. 27 To determine the discriminative ability of each items, assessment of item-level discrimination was performed overall and for each condition using corrected itemto-total correlations. 26 This correction, obtained by deleting the item under consideration from the total (summed) score, was used to account for item overlap, with a value $0.4 considered an adequate level of discriminative ability. 26 Assessment of average pain severity was based on the average pain question on the Brief Pain Inventory Short-Form, which uses an 11-point numeric rating scale (0= no pain to 10= pain as bad as you can image) to rate pain severity; 28 cut points for mild (scores 0-3), moderate (scores 4-6), and severe (scores 7-10) pain have previously been established. 29 The relationship between average pain severity and painDETECT scores was evaluated using Pearson correlation coefficients, where (absolute) values #0.30 are generally considered low, between 0.30 and 0.50 are moderate, and $0.50 are high. 25 All analyses and statistics were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
The study enrolled 624 subjects who were identified with the NeP conditions, and there were similar proportions of subjects with each of the NeP conditions (16.0%-17.9%) ( Table 1) . As shown in Table 1 , demographic differences were noted across the cohorts, including a higher proportion of males among those with HIVP (79.6%) and SCI (69.9%) relative to the other conditions (42.5%-47.3%); an older demographic for SFN (63.5 years) and pDPN (61.1 years) relative to the other conditions (48.7-54.9 years); and relatively high proportions of Black/African Americans for HIVP (35.0%) and SCI (34.0%). Subjects with CLBP had the longest duration since NeP diagnosis (115.0 months) and the highest number of comorbid conditions (3. pain severity based on score from the average pain question on the Brief Pain inventory short-Form, 28 using an 11-point numeric rating scale (0= no pain to 10= pain as bad as you can imagine). Abbreviations: CLBP, chronic low back pain-associated NeP; HIVP, human immunodeficiency virus-related peripheral NeP; pDPN, painful diabetic peripheral neuropathy; PTPS, posttrauma/postsurgical NeP; SCI, spinal cord injury-related NeP; SFN, small fiber neuropathy; NeP, neuropathic pain.
107.8 months since diagnosis and 3.3 comorbidities. Among the 614 subjects with pain-severity data, the response rate for the painDETECT questionnaire was 96.9% and 98.7% for the nine-and seven-item versions, respectively; there were no differences between the group that completed painDETECT measures and the group that did not.
Average pain severity was in the moderate range across all conditions (Table 1) , and the highest average pain severity was reported in CLBP (6.0). Some differences were noted in the distribution of pain severity categories among the six conditions (Table 1) , with CLBP having the highest proportion of subjects with severe pain (40.6%) and SCI the lowest (26.2%). Similarly, differences were noted in the distribution of painDETECT categories (nociceptive, unclear, neuropathic) across the conditions (Table 1) , with SCI having the highest proportion of patients with nine-item painDETECT scores in the range indicating that the source of the pain (ie, nociceptive or NeP) was "unclear" (34.0%).
For screening purposes, cut-off points on the nine-item painDETECT measure that have been previously found to be the most appropriate are a score #12 indicating a neuropathic component is unlikely and a score $19 indicating a neuropathic component is likely. 7 Between these scores, the result is uncertain, yet a NeP component can be present. In this context, the ambiguous "unclear" group was removed from consideration in defining the true positive rate as the proportion of actual cases of NeP correctly classified by the nine-item painDETECT measure with a score $19. The true positive rates were 0.85 (or 85%) for pDPN (ie, 73/[73+13] from Table 1 ), 0.83 for CLBP, 0.76 for SCI, 0.88 for HIVP, 0.79 for PTPS, and 0.84 for SFN. Because all patients had a confirmed neuropathic diagnosis, the true negative rate cannot be calculated.
Despite the differences across conditions in average pain severity and painDETECT scores, there was at least moderate correlation across conditions between these two outcomes, with all correlations showing statistical significance ( Table 2) . mean score was for SFN, while PTPS and SCI had the lowest adjusted mean scores. Pairwise comparisons (data not shown) resulted in significant differences only for SFN versus both SCI (P=0.023) and PTPS (P=0.023) on the nine-item version; and on the seven-item version for the comparisons of PTPS versus SFN (P=0.011) and pDPN (P=0.032), and for SCI versus HIVP (P=0.035), pDPN (P=0.046), and SFN (P=0.020).
None of the standardized effect sizes for any of the pairwise comparisons between NeP conditions was "large" on either the seven-item version or the nine-item version of painDETECT (Table 3) . Furthermore, all comparisons resulted in values that were less than the 0.5 threshold for a medium effect size. The largest effect sizes were observed for the comparison of SFN with SCI, 0.48 for both the nine-and seven-item versions, and the comparison between SFN and PTPS, 0.44 and 0.48 for the nine-and seven-item versions, respectively; the positive range of these values is consistent with the observation that adjusted mean scores were highest in subjects with SFN and lowest in those with PTPS or SCI.
Scores for painDETECT were available for 606 subjects for the nine-item version and 615 subjects for the seven-item version, and as shown for these subjects in Figure 1 , the adjusted mean scores were $19 for all NeP conditions. On both the nine-and seven-item versions, the highest adjusted a a positive value indicates a higher score of the condition on the left side of "versus" compared with the condition on right side of "versus". Abbreviations: clBP, chronic low back pain-associated neP; hiVP, human immunodeficiency virus-related peripheral NeP; pDPN, painful diabetic peripheral neuropathy; PTPs, posttrauma/postsurgical neP; sci, spinal cord injury-related NeP; SFN, small fiber neuropathy; NeP, neuropathic pain.
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As previously shown, 18 corrected item-to-total correlations showed adequate item discrimination ($0.4) for pain symptom items on the nine-and seven-item painDETECT versions, but the correlations were low (,0.3) for the two non-sensory items on the nine-item version. Similar to what was observed for the combined conditions, each of the NeP conditions showed adequate discrimination ($0.4) for all pain symptom items on both versions of painDETECT, and most of the pain sensory items had slightly higher itemto-total correlations on the seven-item version relative to the nine-item version (Table 4 ). There was generally low discrimination for the two non-sensory items across all the conditions, although relative to the other conditions, SCI, HIVP, and CLBP were characterized by higher item-to-total correlations for pain radiation (Table 4) .
For all combined conditions, Cronbach's alpha coefficients were 0.76 and 0.80 on the nine-and seven-item versions, respectively (Table 5) . On individual conditions, values of Cronbach's alpha were generally similar among the conditions and $0.70 except for SCI, which was slightly lower with 0.63 and 0.68 for the nine-and seven-item versions, respectively (Table 5 ). For the nine-item painDETECT, statistical significance in the differences between pairs of Cronbach's alpha coefficients was found for SCI compared with pDPN (P=0.021), CLBP (P=0.046), HIVP (P=0.0017), and PTPS (P=0.021); all other pairs of alpha coefficients, including between SCI and SFN (P=0.110), were not statistically significant. For the seven-item painDETECT, corresponding statistical significance was found for SCI compared with pDPN (P=0.014), HIVP (P=0.0016), PTPS (P=0.009), and SFN (P=0.036); all other pairwise comparisons, including between SCI and CLBP (P=0.100), showed no significant differences. The higher values of Cronbach's alpha on the seven-item painDETECT were consistent, as expected, with the greater item-to-total correlations on this version relative to the nine-item version.
Discussion
The ability to screen for and characterize NeP using a single measure across a variety of conditions is an important first step in NeP management. A previous analysis demonstrated the ability of painDETECT to discriminate among average pain severity levels, enhancing its ability to characterize NeP. 18 The results of the current analysis expand upon the measurement properties of painDETECT, and confirm that this instrument shows further evidence of validity and reliability useful for screening of NeP across a range of NeP conditions. Adjusted mean scores on painDETECT were of similar magnitude for each NeP condition and were within the range ($19) considered indicative of a high probability of NeP, which would be expected in this population of patients with confirmed NeP diagnoses. Furthermore, across the conditions, the distribution of painDETECT score categories in these subjects with confirmed NeP diagnoses was similar to that observed in the original validation study. 7 These six conditions not only represent diverse etiologies, but also reflect heterogeneity across their patient populations, since the demographic and clinical characteristics vary among the conditions. Such heterogeneity was acknowledged and controlled with the demographic and clinical covariates in the analysis of covariance model. Even after controlling for these covariates, the difference in mean painDETECT scores between any pair of the six conditions was not large. In particular, standardized effect sizes were either trivial (,0.2) or small-to-medium (0.2-0.5) for all pairwise comparisons ( Table 2 ). The magnitude of these effect sizes suggests that there may be some differences in pain characteristics among the conditions and that some conditions may be more noticeable than others with respect to NeP.
Similar observations were made in the original pain-DETECT validation study, which showed a pattern of distribution of painDETECT scores among patients with CLBP-related NeP that was different relative to other NeP conditions that included postherpetic neuralgia, painful polyneuropathy, and nerve trauma. 7 While the results in the current study are also aligned with clinical expectations of painDETECT for identifying and discerning NeP across conditions, they nevertheless suggest an ability to screen for NeP components regardless of condition.
While there appeared to be at least moderate correlations between average pain severity and painDETECT scores, potential differences in pain characteristics were indicated by some differences in item-to-total correlations among the conditions, and may reflect specific characteristics manifested in the various conditions based on pain descriptors. These results are consistent with previous studies that have suggested that, although there may be greater similarities than differences among various NeP conditions, sensory symptom profiles may not only vary by condition, but these profiles may also be used to characterize pain descriptor subtypes within a condition. [12] [13] [14] Nevertheless, both nine-and sevenitem versions of painDETECT showed evidence of internal consistency reliability and item-level discrimination regardless of NeP condition.
For most of the pain sensory items, correlations were slightly higher on the seven-item version relative to the nine-item version, reflecting the more consistent item-level discrimination in the absence of the nonsensory items. It is also interesting to note that correlation on the nonsensory item of pain radiation was highest and approached 0.4, a value indicative of adequate correlation, 26 in SCI, CLBP, and HIVP -NeP conditions that may be associated with greater pain radiation relative to the other conditions.
Cronbach's alpha provided evidence of internal consistency reliability overall and on individual conditions. All conditions had estimated values of .0.70 except for SCI, which had values of 0.63 and 0.68 for the nine-item and seven-item painDETECT, respectively. It should be noted, however, that these estimates were not statistically different from a population value of 0.70 (P-values of 0.200 and 0.690, respectively). The higher values of Cronbach's alpha on the seven-item version are consistent with the higher item-to-total correlations on this version relative to the nine-item version. As such, the seven-item version has a slightly greater reliability and a more consistent set of item-level discriminations. These higher values on the seven-item version relative to the nine-item version were also observed when painDETECT was evaluated for its ability to distinguish between pain severity levels. 18 Although both versions showed good psychometric properties, the consistently higher values on the seven-item version suggest that the nonsensory items may be more useful for characterizing NeP than screening for it.
Limitations of this study include selection bias with regard to both physicians and subjects who agreed to participate. Additionally, it should be noted that, because other pain measures were not part of the study, no comparisons can be made between painDETECT and other NeP screening scales with regard to: 1) the evaluated psychometric characteristics; and 2) the ability of painDETECT to distinguish NeP across a variety of conditions. Another limitation is that this analysis does not explicitly consider other variables that can condition pain perception. It should be noted, however, that relationships between average pain severity and comorbidity variables such as symptoms of anxiety and depression, which were previously reported to be present in 61.9% and 54.4% of these subjects, respectively, have been documented using the same study population; 16, 19 future research is encouraged to further evaluate the relationship between comorbidity variables and painDETECT scores.
In summary, both the nine-and seven-item versions of painDETECT showed evidence of internal consistency reliability and item-level discrimination across six NeP conditions, indicating that painDETECT is a clinically relevant measure for discerning and characterizing NeP regardless of NeP etiology. However, the slightly greater reliability and more consistent item-level discrimination observed on the seven-item version suggest that the nonsensory items may be more useful for characterizing NeP than for screening. The observed differences among the NeP conditions characterized by the measurement properties of painDETECT also suggests that further evaluation of NeP subtypes, both across and within conditions, is warranted.
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